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FOREWORD

The growing interest in the use of columbium, molybdenum, tantalum, and tungs-
ten metals and their alloys for structural applications has emphasized the need for an up-
to-date review of some of the more important physical, mechanical, and metallurgical
properties of these materiais, Four consecutiveiy numbered reports covering colum-
hium and columbium alloys, molybdenum and melybdenum alloys, fantalum and tantalum
alioys, and tungsten and tungsten alloys have beer prepared. The intent of these reports
has been to assemble, present, and summarize, in easy reference form, the engineering-
property data of these four refractory metals and alioys. This report covers tantalum
and tantalum alloys.

In addition to data available from the published literature, numerous organizations
have contributed data for inclusion in this report. The Defense Metals Information
Center gratefully acknowledges the assistance of the following individuals and organiza~-
tions who contributed valuable information used in the preparation of this report.

G. D. McArdle and ¥, Nair, Climax Molybdenum Company I

H. Peters, E, I, du Pont de Nemours Company, Inc.

R. L. Wilkey, Fansteel Metallurgical Corporation

R Bancroft and M, Schussler, Hayres Stellite Company

R. W, Werner, i.awrence Radiation Laboratory

G. P, Troset, Metala and Cortrols, Inc.

M. Torti, National Research Corporation

W. Bauer, Stauffer Metals Company

R. B, Bargainnier, Syivania Electric Products, Irc,

C. Mueller and G. A. l.iadis, Universal Cyc.ops Steel Corporation

5. A, Worcester, Wah Chang Ccrporation

R. L. Ammon, R, T, Beg.ey, and H, G. Se.l, Westinghouse Electric
Corporation
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THE ENGINEERING PROPERTIES OF ' ' T
TANTALUM AND TANTALUM ALLOYS

SUMMARY

(VPN S . R

o

This report presents the results of a state-cf-the~art survey covering tantalim .
and seven of its alloys. All data are given in'tabular and graphical form covering soiie
of the more important physical, mechanical, and metallurgical properties for each
material, References are given at the conclusion of each material section,

o
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INTRODUCTION

The requirements for structura. materials for service temperatures in excess of
those attainable with present materials of construction has provided the stimulus for the
developrment of reiractory metais and allcys, interest has stemmed largely from the
high-temperature structural-engineering requirements associated with military hard-
ware, In the development of the refractory metals, columbium, molybdenum, tantalum,
and tungsten, and their alloys, extensive studies have been conducted and arein progress
which are aimed toward the investigation of fundamental metallurgical concepts, alloy
development, pilot scale-up development of promising compositions, and, ultimately,
alloy commerciglization,

This report reviews some of the more important properties of tantalum and seven
of its ailoys. Of this group of alloys, several rave not reached true commercial status:
however the potential of these advanced experimental and pilot-production alloys
warrants consideration, All data are presented in tabular and graphical form according
to a number of important physical, mechanical, and metallurgical properties for
tantalum and each of its seven alloys. Properties and alloys covered ir this report are
listed in Table 1,

Tantalum is the most recent of the refractory metals to undergo extensive study,
Present work includes attempts to improve basic high-temperature strength capabilities
through both aoliution and dispersion strengthening while maintaining cryogenic ductility.
Efforts have also been directed toward the addition of lighter elements ‘o improve the
strength-to-weight ratio.

In preparing this state-of-the-art survey, technical journals and publications,
research reports, and trade literature made available to the Defernse Metals Information
Center were supplemented with personzl contacts with a number of ind:viduals and
organizations actively engaged in the refractory-metals field. References are given at
the conclusion of each material section.
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ALLOYS AND PROPERTY DATA COVERED IN THIS REPORT
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ORGANIZATION OF DATA PRESENTED IN THE APPENDIX

1. Iderntification of Material

Designation
Chemical composition
Forms available

¢, Physical Properties

Melting point
Denasity

Thermal expansaion
Thermal conductivity
Electrical resistivity

3. Mechanical Properties

Tensile Properties at Room Temperature

Ultimate tensile strength
Tensile yield strength
Elongation

Reduction in area
Moedulus of elasticity

Effect of Temperature on Tensile Properties

:mate tensile strength
Tensiie yield strength
Elongation

Reduction in area
Modulus of elasticity

Notched Tensile Propertics

Creep and Stress-Rupture Properties

Other Seiected Mechanical Properties
4. Metallurgica. Properties

Fabricability

Transition temperaiure

Weldability

Stress-relief temperature
Recrystallization temperature

References

MBI et i d ]
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APPENDIX

TANTALUM AND TS ALLOYS

Unalloyed Tantalum

YL

=
| ~
( ' 1. Identification of Material
i a. Designationt many, depending upon individual supplier
|
‘ b. Chemical composition: Tables A~1 through A-3
{ c. Forms available: ingot, bar, plate, sheet, strip, foil, rod, and wirell,2)

|
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TABLE A-1.  CHEMICAL REQUIREMENTS FOR POWDER -METALLURGY,
ARC-CAST, AND ELECTRCN-BEAM -CAST
TANTALUM(XE, 2)

linpunity Coatent(®), Maximum,

Zlement

2 c 0,08 :

‘ o} 0.-08
N 0,015
H 0,031
Ch 0,10
Fe 0,02
Ti 0,01
w 0. 08
s 0,02
Ni 2,02

(a) For ingot, bar, plate, sheet, strip, foll, rod, and wire producis.
(b} The toral of all impurities shall not be cver C.2 pe: cent,

TABLE A-Z, PURITY RANGES SPECIFIED POR TANTALUM POWDERS

Impuwity Conent, weight per cent

Element Sintered Praduct(3) Melted Product({4)
o o,
I8} 0,17
i N 0,01 0.002-¢.
H .- 0.005-0, ¢
A <302 €0, COUG-1, 000
Ch C.03 €. 0C25-0, G5
Fe 0. 015 3, 005-0, €%
i Mo 0,008 «0,001-0, 008 L
i Ni <0, 002 0.003-0, 008 =
i St 0,02 0,02-0,03

TABLE A-3, REPRESENTATIVE ANALYSES OF TANTALUM AS PRODUCED BY VARICUS PROCESSES

Impurity Content, ppm
Iagot, Madc by

Elemnent Powder -Metai Product{3) Comumabie -Elecode Process(5) Electron-Beam Process(5)
o 30 2230
O 100 3t-ch
N <189 27
i - 1-%
Sl Ui --
r .- 14 e
Cn - .- <40
fe loc 3G <100
N <230 8 <20 ¢
Me <50 -- <20
5§ <CC 30
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2. Physical Properties
a. Melting poini: 5425 Fi7)
5, Density: C. 600 1n/in. 2(7)
.- Thexrhal expansion: Tables A-4 and Ae3
4, Thermal conductivity: Figures A-land A-2

e. Electrical resistivity: Figures A-3 and A-4

-
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FABLE A=3.

TABLE A-4,

LINEAR THERMAL EXPANSION OF TANTALUM({8)

.

Temperature, Linear Expansiva(2),
C per cent
127 0.07
327 0.20
o2 0,34
i 0,48
021 0.¢1

1127 0.31
1327 0.99
1527 1.16
1727 1.34
1927 1. 53
2127 1.172
2327 1.93
2827 2.15
27217 2.40
a9 2,69

(a) The lincar coefflic ent of thermal expansion can be expressed

by the following equation:
L4

a
where

THERMAL EXPANSION OF TANTALUM SUPPLIED BY FANSTEEL METALLURGICY

1= s n a4 1070 p 012 x 1076 42,

u

per degree, C
teimperature, C.

AND NATIONAL RESEARCH(3X(D)

AL

0,005

Cocfficient, Coefficient,
Linear 27Cto Linear 83 ¢ to
Temp, Expansion, Temp, Temp, Expansion, Teup,
C per cent 107%¢ F per cent 107Y/F
16006 1.04 6.61 3000 1.09 3. 74
1s0n 1,23 6.93 3400 1.30 3.92
SO0 1.45 7.35 3800 1.56 4,020
i 1.71 7.88 4200 1.88 4,56
Al 2,0 8,50 4600 2,33 5.15
o 247 RIS 5000 2,88 Y
Ldan o, 00 10,79 5200 a.18 6,21
PSIGH 3,26 11,35
(t) Composition, per cent, Balance Tantalum
C Fe Si Mo Ch N O 1) Others
o.00F 0,005 <002 0,001 - = . Todas
v, 0010 0, 0008 -~ -- 0,0035 0,001 O,u082 -- 0,0175
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Thermal Conductivity, wattsfem2)(K/cm)

Unannealed tantalum rod

el (9998 % Te) —r
. |
0 20 40 60 80 100
Temperature, K A34B46

FIGURE A-1,

Thermnal Conductivity, Btu ZA(hn)(f12()(ft)

FIGURE A-2.

THERMAL CONDUCTIVITY OF TANTALUM AT
LOW TEMPERATURES(:0)

- |

—+  Sirterec ‘o density-
-—— 0598 b/ird
I | ——20.827 iz/in?

0 80C i60C 2400 32CC 4CCC 4800

Tempergture, ©

THERMAL CONDUCTIVITY OF COMMERCIAL-PURITY
TANTALUM(LL)
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Llectrico! Rasistwity 10 ohm-cm

FIGURE A-3,
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ELECTRICAL RESISTIVITY OF TANTALUM AND ITS

TEMPERATURE COEFFICIENT

ELECTRICAL RESISTIVITY OF TANTALUM
AT LOW TEMPERATURES(10)
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3. Mechanical Properties

a,

o,

.

d.

€.

Tensile Properties at Rocm Temperature
Titimate tensile strength: Tables A-6and A-7
Teusile yicld strengih: Tabie A-3
Elongation: Tables A-6 through A-8
Reduction in area: Table A-8
icity: 6 _gil8)
Medulus of elasticity: 27 x 107 psit
Effect of Temperature on Tensile Properties

Ultimate tensile strength: Tables A-9 through A-13
Figurea A-5 through A-7

Tensile yicid strength: Tables A-9 through A-13
Figures A-6 and A-7

Elongation: Tables A-9 through A-13
Figures A-5 through A-7

Reduction in arca: Table A-3

Moduius of elasticity: Tables A«iZ and A3

Figures A-7 ard A-8
~utched Tensile Properties
Figures A-9 through A-16
Creep and Stress~Rupture Froperties
Figures A-i7 through A-20

Other Selected Mechanical Properties

Fatigue: Figures A-22 and A-23

.
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TABLE A-6,  MINIMUM TENSILE -FROPERTY REQUIREMENTS FOR POWDER-METALLURGY, ARC~-CAST, AND ELECTRON-

BEAM-CAST TANTALUM INGOTS AND FLAT MILL PRODUCTS(3X1)

Elongauicn in 2 Inches, per cenx
Specimens Spacimemn
Teniile Strength, 6,021 Ins Thick 0,020 In, Thick
Condltion 100C psi and Over and Under
Coid worked 75 2 2
stress releved L) 13 7.8
Full amngaled -- 3C 25

(a) Fo:bar, piate, sheet, suip, and foils Tensile properties shall be determined wing a st:ain rate of 3,005 inch per {nch per

miaute through C,6 per cent offset,and C, 2 to C, 05 Inch per inch pe: minute to fracture,

TABLE A-7. MINIMUM TENSILE-PROPERTY REQUIREMENTS FOR POWDER-METALLURGY, ARC-CAST, AND

ELECTRON-BEAM-CAST TANTALUM ROD AND WIRE(AX2)

Tenslie Sirengtl, Elongation, Gage L2ngth,
Condition 1200 ped per cent inches
Cold werred it 1 10
Arnesled, commercial punty -- p 19
Anreazled, high purity -- ad 1c

{a) Crosshead speed to be used it 2 percent of gage lengts per minute.

RO

1

|
)



TABLE A 8.

SOME SELECTED ROOM ~-TEMPERATURE TENSILE PROPERTIES OF TANTALU?\‘I(S)

Tensile Yicld Reduction
Strength, Strength, Elongation, in Arca,
Condition 100C psi 1000 psi per cent per cent

Recrystallized(® 27.5 -- ‘ 38 89

Recrystatlized high-purity 29.4 26.3 36 -
sheet (1 hr at 2190 F;
0.040 inch thick)

Recrystallized rod (1 hr 35,9 -- 50 --
at 2600 F)©)

Recrystaliized sheet 40,0/50,0 30.0/40,0 30/40 --

Recrystallized rod (1 hr 49.8 39,3 45 86
at 3090 F)(d)

Amncaled sheet §50.0 - 40 --
(0.010 inch thick)

Cold-worked high-purity 60.5 49.0 -- --
sheet (cold reduced 95k;
0.040 inch thicky(®

Recrystailized sheet 67,1 57.4 25 -
(0. 010 inch thick)(®

Annealed wire 100,0 -- 11 --
(0. 002-inch diameter)

Cold-worked sheet 100,0/120.0 95.0/1085.0 3 --

Cold-worked shect 10.0 -- 1 --
(0. 010 inch thiclky

Hardened plate 145.0 -- 18 --
(0. 010 inch thick)

As-drawn wire 180.0 -- 2 --

(0. 002-inch diameter)

(3) Degassed: <0.01% C,

(h) Electron-beam-relted tantalum supplied by Temescal Metallurgical Corporation: 0.001¢% O,
ULODT0% N, UL O0G TS 12, ©.0030% ¢, 0, 0003% Cr, 0.01-0,03% Cb, 0.003% Cu, 0.0008% Fe,

UL 0anae N

(¢) From hydrogen-reduced powder: 99,945 Ta, waces of Ni, Fe, W, Cu, Ca, Si, Pb, Sn, Cr.

(dy Svpplicd by Fanstee! Metallurgical Corporation: 0.01% N, 0.010% C, 450 grams/mmz.

(¢) Powder-imetailurgy ingots supplicd by Fanstee. Metallurgical Corporation: 0, 0036% O, 0.013% N,
0,020, 0, 10% Ch, 0,019 W, 0,017 Fe, 512-1024 y,rains/mm?.

Best Available Copy
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TABLEA-3.  TENSILE PROFERTIES OF RECRYSTALLIZED TANTALUM RoDf¥(14

Fracture
Meximum Load Total

Strain Yield Point, Tensile Uniform Total Reduction

Temperatre, Rate, L0080 pst ; Elongeton, Eilengaton, in Ares,

r /i ssec Upper Lower i Suel 8 per cent percent
-320 2.8x 074 124,0 24,6 110,0 (<) c 2 %
-325 G217 197, 0 128.5 13,0 (e ¢ 1 i1
-32¢ scx ™t - 139,56 - (e ¢ i 78
-26¢ z.Bx 207 104,58 05,2 94,0 (c) ¢ :3 18
.203 2.8x 1674 82,7 54,2 73,0 (s ¢ 6 81
- z.ex 107t 52,3 RPN 54,8 58,7 w 37 A5
-22 2.8 x 107 56,5 56,5 £5,2 5.7 20 34 5.
g 2.8y 10"% 39,1 ) 23,7 4.8 23 45 85
340 2.8%x 207" 26,2 (© 24,2 49,8 24 4 s
780 2.8 x 0% 22.4 (@ 22,4 62,2 18 21 84

(a)
b

{c)

(@

Saccimens did not have uidmate teasile sttenytis it the usual
increase after the yieid-point elongatiorn,
No proncunced Jpper yleld polar, but a definite yteid-point elongation,

Commercial-purity recsysiailized tantalum rod (1 hr at 173C 3 430 gra:::x/rr.mg); C.C1%H N, 0,01k C,
Yicid strenyth defined as the stress at which curve of icad versvs ner cent ¢

ation deviates from lncarty,

significance attacied to the tens sinee the load did no

i

ey .MW“E.

CeE




TABLE A-lu, TENSILE PROPERTIES.CF RECRYSTALLIZED TANTALUM SHEET
PRODUCED FROM POWDER-MET ALLURGY INGOT(3}(18}

Tensile Yield Strength
Temperature, Strength, (0. % Offser), Elongation,

F 1000 psi 1000 psi per cent
-320 148.0 148, 0 4
-100 ' 3.2 2.5 23
8¢ 67.1 57.4 25
Sl 59,3 42.5 26
400 56,1 35.4 13
60 74.0 37.9 18
30¢ 65.3 33.4 24
1000 59.9 26,1 16
1205 4,17 18.9 17
1400 30.3 16.9 23
15¢ 22.2 12,1 33
180 21,0 12. 4 33
LS00 i, 8.1 43
MY 14,7 7.5 48

(a) Recrystallized powder-metallurgy tantalum sheet (0. 010 inch thick); strain ratc
0.09 inch per inch per minute; 0.0056% O, 0,013% N, 0.02% C, 0.10% Cb,
0.01% W, 0.015% Fe, 512-1024 grains/mm2, ASTM 6-7,

ay(17
TABLE A-11, HIGH-TEMPERATURE TENSILE PROPERTIES OF ANNEALED TANTALUM SHEET( AN
Time at Tensile Yield
Temperature, Temp, Strain Rate, Strength, Strength, Elongation,
F sec in. /in. /sec 1000 psi 1000 psi per cent

3003 10 0.1 10,70 7.49 30

90 0.1 10,78 g.9¢ 30

10 0.00005 4,03 3,78 19

90 0.00008 4,12 3.86 19

3500 10 0.00005 0.915 0.611 (b

a0 0,005 1.81 0.792 (b)

4006 10 0.! 3,69 .70 14

30 0.1 3.9 1,061 46

90 0.00005 0. 420 0,42 (b)

5000 10 0.1 2,43 1.29 48

90 0.1 2.006 1,17 --

(a) Sintered, relled, anncaled, tantaium sheet. Specimens heated to test ternperature in 20 seconds,
Tests conducted in argon aunosphere.  Values reported are average of at least three tests,
(b) Specimens were not strauned to fracture,

Best Available Cop



TABLE A-12,  HIGH-TEMPERATURE TENSILF PROPERTIES OF POWDER-METALLURGY -
PRODUCED TANTALUR! SHEST((S)

Tensile Yield Strength Modulus of Load
Temperature, Strenyth, (0.2% Offset), Elasticity, Rate, Elongation,
F 1000 psi 1000 psi 10Y psi psi/sec per cent
3420 6, 160 3.200 3.6 267 39
3670 5,110 2, 550 0.6 197 46
3955 3.025 1.510 0.1 63 © 34
395 2,740 1,850 0.2 16 39
4380 2.460 1.240 1 63 44
4330 2,640 -- - 66 38
44170 2.290 1.320 0.4 64 31
4525 2. 650 1.350 Lo 54 34
4525 2. 060 1.270 0.4 57 38
4985 1,870 1,140 0.4 67 25
5010 1,240 0. 8uu 0.3 10 11
5100 0.977 0,800 0,1 T.0 13

(a) Powder-metallurgy-produced sheet (0,050 to 0.060 inch thick); 0,03% max C, 0.03% max ¢,
<0.005% Si, 0.24% Mo, and <0.05% other impurities,

TABLE A-13. HIGH-TEMPERATURE TENSILE PROPERTIES OF ARC-MELTED TANTALUM SHEET(a)(g)

Tensile Yield Strength Proportional Modulus of Load
Temperature, Suength, (0. 2% Offser), Limit, Elasticity, Rate, Elongation,
F 1000 psi 1000 psi 1000 psi 106 psi psi/sec per cent
3210 4,370 1.950 1,150 1.0 59 35
3690 3,800 1. 550 1,450 0.3 146 47
3728 2,180 1.260 1.100 0.2 3 43
3345 2.380 0. 600 0,450 0,04 97 47
4530 1,730 U, 640 ©o0,550 0,07 (WU 35
auld 0,700 6,360 .- - 9 20
N40 1,150 0,350 0,250 0,07 35 3l

{a) Consumable-elecuode, arc-niclted tantalum sheet (0, 060 inch thick); 0,0015% ¢, 0.00289L Fe¢, 0,C05 (b,
S0 000 H, a0l -0 oEe Ny ui0035-0,005% O, and 5L 1T other Linpurities.
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TENSILE PRCPERTIES OF ELECT%ON-BEAM-MELTED
TANTALUM SHEET (C, 046 INGH)(13)

Weipht Per Cent
72,0030
2,0016
53,0612

<1, 040
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Metaliurgical Properties

a.

Fabricability: possesses excellert room-temperature fabrication characteris-

tics amenable to ail conventional fabricaticn practices and can be
fabricated to large reducticns (>95 per cent) without the reed for
process arncaling(3)

Tranaition temperature: <-420 F(21)

Weldability:

can be welded using conventional techniques wherein, air is ex-
cluded, such as inert-gas-shielded tungsten-arc welding, inert-

atmosphere chamber, electron-beam welding, and resistance spot
or seam welding(7)

Stress-relief temperature: 1 hour at 1800 F(24)

Recrystallization temperature: Tables A~14 and A~15

Figures A-24 through A-~26
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TA3LE A-14. RECRYSTALLIZATION BEHAVIOR OF ELECTRON-85AM -MELTED TANTALUM

SHEET (0. 040 INCHE®(:8)
Temperatire, F, for Indicated Amount
of Recrystallization in 1 Hour
Conditicn 5C Per Cent 100 Per Cent
Cold reduced 50 per cent from ss=cant lugot 2010 2550
Celd reduced 75 per cent from as-cast ingo: 1830 2:9¢C

went fres

Loho fedeeed Ua

23t iryet Loid PR

Cold reduced 75 per cent afrer intermediate annealing 1827 218¢

() Looeny Wonhn Por Cont

¢,0C38
¢.0018
0,0010
Othess <0, 040

ZzZ 0N




, - ; - A33
180
160 e 100
= 140 Hordness; ,1/ + 80 3
[ / iPer cent.recrystallizaton]- 2
z 120 1 [ -]
. /
100 40
£ / ~NC
[ ] P §
4 205
’ &
/
s% 8200 - 0
o0 800 1000 1200 400 1600
Tempergture, C A-33781
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FIGURE A-25. EFFECT OF ANNEALING TIME AND REDUCTION ON THE
RECRYSTALLIZATION BEHAVIOR OF TANTALUM(25)

Temprrature, C

ANNEALING CURVE FOR ELECTRON-BEAM-
MELTED TANTALUM BAR(21)

1/ 4 hour at temperature, furnace cooled,

Electronebeam=melted ingct coléd forged and
swagec 87 per cent,

Element Weight Per Cent
[@ <0.003
O <3.003
N ¢.CCo8
Others <0.08
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TABLE A-15. GRAIN SIZE VERSUS ANNEALING TEMPERATURE FOR ELECTRON-

BEAM-MELTED TANTALUM SHEET (0, 93¢ tNgrf3)(+9)

i-Hour Anneadng Temperatute, F

Average ASTM Grain S1ze a1 100X

213¢
2370
28560
2805
2010
acs0
8210

S

(a) Cold rolled 75 per cent,
lmpurity  Welght Per Cent

C 0,003C

¢ C.001¢

N 0.001C
Othe:s <C, 040

s s
s , I
-] x40 a0 L < -]
Redattien By Cold Rellng,ner zent

10
480
oxen lire srowing Seg TIAG
of recrystal iz¢tion
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FIGURE A-26, ANNEALING TEMPERATURE VERSUS COLD REDUCTION

AND GRAIN SIZE (26)
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A-37

Ta-10W

Identification of Material
a. Designation: several, depending upon individual supplier
b. Chemical composition: Tables A-16 and A-17

¢. Forms available: ingot, billet, bar, plate, sheet, strip, foil, rod, and wire(

1,2)



TABLE A-16. CHEMICAL REQUIREMENTS FOR ARC-CAST AND
FLECTRON-BEAM CAST Ta-10w(a)(1,2)

Impurity Content®), Maximum,

Element weight per cent
e} 0.010
N 0.008
Cc 0,005
Cb 0.10
Fe n,01
Mo 0. 10
Ni 0.005
Si 0.015
Ti 0.01
w 9-11

(a) Foringot, billet, bar, plate, sheet, st:ip, foil, rod, and wire.
(b) Any other one impurity to be less than 100 ppm.

TABLE A-17. REPRESENTATIVE ANALYSES OF Ta-10W AS PRODUCED BY ARC MELTING AND ELECTRON-
BEAM MELTING PROCESSES

Impurity Content, ppm, for Ingot, Made by

Arc Melting Electron-Beam Melting
Flement Ref, (3) Ref. (4) Ref. (5) Ref, (6)(47 Ref. (3), Top Ref. (3), Bottom Ref, (6)(D)
Al <20 -- .- -- <20 <20 --
B <1 -- -- -~ <1 <1 --
C <30 19 15 17 <30 <30 S|
Ch <100 -- -- - 980 1500 --
Cd <5 -- -- -- <5 <& --
Cr <20 5 10 <10 <20 <20 <10
Cu <40 -~ -- -- <40 <40 --
Fe <100 15 80 : <10 <100 <100 <10
i 4 -- -- -- ~- ~- .-
Hi <80 -- -~ -- ~- -~ --
Mg <20 - -- -- <20 <20 --
Mn <20 -- -- -- <20 <20 -
Mo <20 <10 25 .- 50 250 -
N 11 19 25 36 28 20 RE)
Ni <20 5] 50 <10 <20 <20 <10
0 140 18 110 52 50 60 00
b <20 -- -- -- <20 <20 --
Si <100 ~- 25 -- <100 <100 --
Sn <20 -- -- -- <20 <20 --
Ta Bal Bal -- -- Bal Bal --
Ti <150 -- 10 -- <150 <150 .-
v <20 -- -- -- <20 <20 --
W 10, 0% 9. 8% -- -- 9, 0% 8. 6% --
AT <20 - -- -- <20 <20 --
sr <H{O0 - .- -- <00 <010 -

(a) Starting steck 150 1o 450 ppm oxypen, Average values from 14 doublc-arc-melted ingots,
(h) Starting stock 150 to 450 ppm oxygen, Average values from 7 elecran-beam-melted ingots,

~ 3est Available Copy
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2, Physical Properties

(Y

Melting peint: 5495 =7

b. Dunsity: 0. 608 (h/in. 37

n

. Thermal expansion: Table A-18
Figures A-27 and A-28

d. Thermal conductivity: Table A-19
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TABLE A-L8.

EXPANSION 0F Ta-10w(®)

Temperature,

H AL/L(®

1830
2010
2:90
2375

{ay From rscm tempe:atuie to indicated termperature,

NS T Pl
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FIGURE A-27. THERMAL EXPANSION OF Ta-10w (9}
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TABLE A-18.

A-42

THERMAL CONDUCTIVITY OF Ta- 10w{8)

Temperature,
K

Thermal Conductivity,
CII/(C.’Z}EXICCXK/CITA)

1100
800
19C0

’
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Meciranical Properties

Tensile Properties at Room Temperature

n

Ultimate tensile sirength: Tables A-20 through A-22
Figure A=-Z9

Tensile yield strength: Tables A-20 through A-22
Figure A-29

Elongation: Tables A=20 through A-22
Figure A-30

Reduction in area: Table A-22
Medulus of elasticity: 28«30 x 106 psi““‘
b, Eifect of Temperature on Tensile Properties

Ultimate tensile strength: Tables A-23 through A-26
Figures A-31 through A-34

Tensile yield strength: Tables A-23 through A-26
Figures A-32 and A-34

Elongation: Tables A-23 through A-26
Figures A-32 and A-35

Mocdulus of elasticity: Tables A-25 and A-26

Figure A-31

(2]

. Notched Tensile Properties
Figures A-36 and A-37
d. Creep and Stress-Rupture Froperties

Tables A-27 through A-3C
Figures A-38 through A-39

w

¢. Other Selected Mecharnical Properties
Hardness: Figure A-40

Impact: Figure A-4]

Fatigue: Figure A-4¢
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TABLE A-2C,

A-44

TENSLE-PROPERTY REQUIREMENTS FOR ARC-CAST AND ELECTRON-BEAM-CAST Ta- 10w

FLAT MILL PRODUGTS A

Yield Swength Elongation in 2 Inches, per cent
Temile Strength, (0. 2% Cffier), Specimens Speciment
1599 paf 1000 psi c.021 - 0,008 «
Corndition Min Max Min Max C,.873 15, Thick 3. C2C In, Thick
As iolled 130 196 140 i85 -- --
Scess relieved 30 3¢ 20 125 3 3
Recrystaliization anneales 70 100 60 90 20 i

(a) For tar, plate, sheei, srip, anc foil, Tensile propertles shall be deterniined using a straln rate of 0,CC5 inch per inch pe:
minte through G, 6 per cent offset, and 0, 02 to ¢, S5 Inch per inch per miinute ¢ fraciure,

TABLE A-2L.

TENSILE-PRCPERTY REQUIREMENTS FCR ARC-CAST AND ELECTRON-BEAM-CAST Ta- 10w

ROD AND WIREFEX2)

Tertile Srrengt,

Yieid Streng'k
2, 2% Cifsery,

1J0C psi 1060 ps1 Elongativn, net cent
Concition Min Max Min Max In 2 In, {Rod) In 1C I, (wie)
At worxed 150 180 140 180 .- .-
Stess rehioved i i - B
Recrystalilzation annealed 70 100 60 9c 10 :0

(a) Tensile pioperties

. be detenmined Jsiag a swaii rate of L Ul lneh per e por minute,

)
I
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TABLE A-22,

SOME SELECTED ROOM-~-TEMPERATURE TENSILE PROPERTIES OF Ta-10W

‘Tensile Yield Strength
Suwength, (0.2% Offsct), Elongation, Reductisii in

___Condition 1000 psi 1000 psi pet_cent Area, per cent Reference

Anncaled sheet (2200 F, 123,3 114.1 13 -- 10
0. 028 inchy(@)

Annvaled sheet (2600 F, 6.0 82.2 26 -- 10
0. 028 inch)(

Stress-relieved shect (3 hr 109, (L) 101. (L) 15.8(.) - 4
2050 F, 0,040 inch)(® 112. %(T) 112.9(T) 14.7(T) -- 4

Cold=wurked sheet (5%, 180.0 164.0 4 -- 1L
0,060 inch)

Reerystadlized sheet 40,0 83.5 e85 -- 11
(G, 010 inchy

Amncaled sheet (0, 020- 70, 0{min) 60, O(min) 15(min) .= 12
0, 250)(€)

Anncaled sheed® 80.0 67.0 25 - 1

Cold=tolled sheet (50970 147.0 146. 5 3 - 7

Cold-rolled sheet (909D 160.0 - 1 - 7

Stress-relivved rod (rolled 134.8 125.9 31 83.2 )
3%, 1 hr 2190 F, 0,125 inch)(®)

Reerystallized rod (rolled 90.1 76.5 35 59.0 S
83%, 1 hr 2720 F, 0,125 inch)(®

Annealed bar (2200 F, 106.4 99.6 24 -- 10
1 /4 inch)(@)

Auncaled bar (2600 F, 84.2 70.6 34 -- 10

1/4 inci{®)

(2) Average of two values, Test rate 0. 005 inch per inch per minute to 0.2 per cent yield, 0.02 inch per inch per minute to
failure. Typical analyses 0. 0080% C, 0.0040% O, 0.0100% N, and 0. 0005% H.

() Are Melted, Test rate 0, 05 inch per inch per minute to 0.6 per cent offset, and 0. 05 inch per inch per minute to fracture.
Amalyses RN W, 0L0019% C, 0 G018 0, 0L0019% N, 0. 0015% Fe, 0.0005% Cr, 0.0005% Ni, and <0.0010% Mo,

() et e v 00h ineh per ineh per ninute 1o 006 per cent offset, and 0,02 to 0. 05 inch per inch per minute to fracture,
Cotaposition shall conform to the following maximums 0. 00509, €, 0.0070% O, 0.0030% N, 0.0006%H, 0.10% Cb,

v, ODTOT Fe, 0, 0300% Mo,

0.0070% Ni, and have a tungsten range of 8.5 to 11 per cent.

(d) Electron-Beam Melted, Typical analyses 9-11% W, 0,0060% O, 0.0030% N, <0,-0010% H, 0,0020% C, ©.050% Ch, and

athers ¢, 00T,

(¢) A AMelted, Average of two valoes.
LT e, B0 002050 Mo, D 002800 N, 0, 00607 N, 0, 0110% Ni, 0,002

Crosshead speed 0, 02 inch per minute. Analyses 0. 0015% C, 0, 0010 Cr,
0 $i, and 0. 0010% Ti.
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Tensie Strength, 1000 ps:

Yield Strength (0.2 % Offset), 1000 psi
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EFFECT OF RCLLING TEMPERATURE, CHAMBER PRESSURE,

A-45012

AND PER CENT DEFORMATION ON THE ROOM-

TEMPERATURE STRENGTH OF AS-ROLLED Ta-10w SHEET!!3
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: = AND PER CENT DEFORMATION ON THE ROOM-TEMPERATURE
: E TENSILE DUCTILITY OF AS-ROLLED Ta-10W SHEET(!3)
Tested at 0, 005 Inch per inch per minute.
Impurity PPM

c 12-26

@) 12-36

N 22-44

H 1.9-2.5
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A-48

TABLE A-28, TENSILE PROPERTIES OF ANNEALED Ta=10W SHEET AND BAR AT 2200 F{&(10)

A_ﬁ,..m
R ]

‘ Anzealing Tensle Yieid Strength
! Temperatuce, Strength, (2, 2% Offser), Elongatios,
| Forim F 1068 pii 1600 psi Det cent |
|
Sheet, 9.028 inch 22C2 58.¢ 33,7 11
2800 27,1 743 3v
Bar, 9/8 (nch 2200 38,3 4.1 13
2630 €. 2 8,3 30

! (8) Average of two values, Test rate 0,005 inch per inch per minute to 0,2 per cent yleld,
| ané €, 02 {nch per lnch pet minute to failure, Typical aaalyses 0, 0080% C, 0.0C40% O,
: 0.03C0% N, snd 0,0008% H,

TABLE A 24, TENSILE PRCPERTIES OF ARC-CAST STRESSRELIEVED Ta-i0W SHEET
¢ 2 7O 3090 F(8)(4)

3 wl f
Teupe:atate, S:rengl, ()C. 2;: Offset), Elengaticn,
& F 1300 pat 1000 psi pe: cent
g 200¢ 63,7 55.1 11
2400 33,8 34,7 12
3050 19.2 16,4 84 1

() Stress relieved for 3 hours at 2250 F. Tested at .05 inch pet inch per mirute,
Anaiyles 9.8% w, 0,0019% C, £,0318% C, C.0110%- N, 6.015h Fe, 570557

TeNi, and <, 00107 Mol
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TABLE A-28.  TENSILE PROPERTIES OF ARC-CAST STRRSS -RELIEVED Ta-10w SHEET(MX14
Tensdle Yield Suength Modulus of
Tempetatuwre, smength, (0. 2% Offset), Elongation, Elastdelty,
F 1000 pat 1000 pu per cent 108 pat
RT 165,0 165.0 1,8 88.0
184,0 1€2.0 3.3 26.8
16€.C 183, 0 3.3 24,0
500 138, 2 3.0 0.8 24,0C
143.C 140, ¢ 2,0 23.0
1c00 185,90 128,90 0.9 2:,8
142,0 l2s.¢ p 20,8
1800 104,0 X 2,7 19,0
104,90 6.4 3.3 18,0
20380 e 4 6.1 15.€
7.8 S4. 7.8 15.2
5.1 82,9 7.3 15,1
4500 50,8 34,0 6.4 5.6
83.8 43.2 8.3 5.4
62,4 48.5 8.1 w.r
3000 13.¢ 13.0 33,4 5.8
20,2 14,2 33.0 6.2
2.6 15,1 20.0 5,0
(a) Test Conditions:
Al iosphor Argea
Gage Lengw: L& i,
Sheet Thickress C. 0490 in,

Analyses

Metiwd ef Heating
Tine tc Temperaiure
Hold at Temperatute
Strain Rates

0.0061% O, <2,0001% H, 2.2015% N, 0.0C14% C,
C.0012% Fe, 0.2010% Cr, and 5.00.0% Nt

Aesisian

N

230 Fraec

5 minutes
0.001 in./'n./s2c tc yleid
Co0l el gsee te fracture
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Temperature, F

TYPICAL ELEVATED-TEMPERATURE TENSILE
PROPERTIES OF ELECTRON-BEAM-MELTED

Ta-10w SHEET(?)

Typical aralyses:
Impuritz'
w
o)

N3
N

H

C
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Others
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FIGURE A-32. EFFECT OF TEMPERATURE ON THE TENSILE PROPERTIES
OF WROUGHT ARC-CAST Ta-10W SHEET (0, 060 INCH) (!5

Approximate strain rate of 0, 01 inch per inch per minute,
Total interstitial content approximately 0, 0070 per cent,
Tested in argen,
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TTGURE A-33. EFFECT OF TEMPERATURE AND STRAIN RATE
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TABLE A-26.  TENSILE PROPERTIES OF Ta-10W AT 2500 TO 4500 F USING RAPID LOADING [{A'I‘Es(a)(ls)
Loading Tensile Yield Steength Elongation Modulus of
Temperature, Rate, Strength, (0. 2% Offsey), in 1 Inch, Elasticity,
¥ psi/sec 1000 psi 1600 psi oer cent by
2500 12,400 63.4 -- 3.0 5.3
§9.2 44,0 3.3 8.5
51.4 44.0 11.0 G.1
3000 4,500 24.1 17.17 7.4 5.8
25.8 14.3 15.0 3.6
25.6 13.3 16.9 2.0
3500 1,960 17.1 12.4 21.2 1.22
15.4 12,78 25.6 1.35
15.6 3.8 26.0 1.39
4500 1,930 8.6 3.6 i6.8 0.19
6.3 -- 21,2 -~
7.7 3.9 11.9 0,19

(a) Anncaled 0.C00-inch sheet tested in argon.
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EFFECT OF ROLLING TEMPERATURE, CHAM3ER PRESSURE,
AND PER CENT DEFORMATION ON THE -300 F TENSILE
STRENGTH OF AS-ROLLED Ta-10W SHEET(!

Tested at 0, 005 inck per inch per minute.

Impurity I
Cc 12-26
(o] 12-3¢
N 22-44
H 1,9-2.5
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RE A-35, EFFECT OF ROLLING TEMPERATURE, CHAMBER PRESSURE,

AND PER CENT DEFORMATION ON THE -300 F TENSILE
DUCTILITY OF AS-ROLLED Ta-10W SHEET(L3

Tested at 0, 005 inch per inch per minute,

-mpurity PPM
C 12-26
O 12-36
N 22-44
H 1,9-2.5
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TABLE 4-27,

STRESS~RUPTURE CHARACTERISTICS CF ARC-CAST Ta-10w SHEET /C.C40 INCH)

Teapera: Stress, Time to Ruplute,
E Corditien 1082 pst hours Reference
R St reieveat®) 1.5 (4
4 o s
!‘ et
. s.¢
: 45.0 20,0
2400 streas reliavedt® 98,0 0.1 ®
48.0 2.8
26,0 4.0
- 22,0 16.4
27¢5 Recrysiallizedt™) 13,6 1.93 G -
L3 4,33
asst Recrystallized(®) 8.0 0.53 (an
5.5 3.4 '{

(s) 3hoursat 22ECF. Analyses 3.8% W, 0,0019% C, 0.0018% O, 0.0019% N, 0.001&%kFe, 0.0005% Cr,
0.0005% N1{, and <0, 0010% Mo,
(b) 1hourat 2730 F. Data obtained frem amall buttonstype ingots,
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TABLE A-28.

CREEP-RUPTURE PROPERTIES FOR ELECTRON -BEAM-MELTED STRESS-RELIEVED Ta-10w SHEET(3H24)

Approx,
Thermal Lcading Time w
Temp, Stress, £xp., Siweain, Tune, sec, to Preduce Indicatud Plastic Cn,_E Ruptwe, Elsng.,
£ 1000 pst i, oei cent 0,085 0.2% 0.5% . 4. 0% £,09  B.0%  10.0%  sec pet cent '
——— S e e S A Sa R e T e S ey
2000 [1] 0.0%08 .68 Q8 1 80 wn e .
2000 L] YO0 0,37 80 e 12 e e
2800 ] 0.0138 0,27 - 0.6 2.0 & 60 -
2500 48 0.0188 0.27 0.1 0.3 3.0 78 101 114
2500 40 0,0188 0,80 0.1 2,0 1l1.0 80 198 .
8000 18 ¢.0162 0.53 - 0.4 1,0 13 88 88 5
3000 1€ 0.016% 0.28 1.0 60 137 £75 1387 1740 9140 .. 218
3500 8 0,0193 0.07 3.1 8.5 28 172 282 280 325 468 30.0 - ‘
3802 € 0.0193 0.82 31 85 308 137¢ 1760 1980 2189 2550 30.0
4030 € €. 0240 .07 ¢.1 L6 3.3 21 28 31 33 43 33,0
4000 4 0,0240 == 5,6 63 130 - . .- 48 (b)

(a) Ten Conditlons:

Atmosphere Argoa

Gage Length 1,81,

Sheet Thickness 0,040 in,

Analyses 0.0206% O, <0.0001% H, and 0,0005% N
Method of Hesting Resistance

(b) Specimen failed in radius.

TABLE A-29, CREEP-RUPTURE PROPERTIES FOR ARC-CAST STRESS-RELIEVED Ta-10W SHEET |

AT 2005 p(aXl

Approx,
Thermal Loading Time to
Stress, Bxp., Strain, Time, sec, to Produce Indicated Plastic Creep Rupture, Elong.,
1000 pat 9. percent 0.05% 0,2% 0.0% 1% % 4% [0 par cent
10 0.0105 0.4 L] c.4 1.4 2.7 8.5 12 14 7,8
€5 0. 0108 0,47 9.4 z.5 0.5 PN 45 14 84 7.8
65 0,0108 0.4€ 1.8 9.0 32 88 148 270 280 €.7
g0 0.0108 0,83 0.1 0.5 2.8 i0 27 45 49 8.7
80 0,0106 0.39 2.0 12 34 &2 174 328 332 8.0
55 $.013% 0.27 3.9 32 140 415 841 1745 1743 3,2
: |
53 0.C108 .25 i$© §c 238 945 2940 -- 3885 3.3 i |

{a) Test Conditions: - 1

Atmosphere Argon

Gage Leagilh Lodn,

Shect Tidcxness 3.040 in,

Analyses 0.0081% 0, <0,0001% H, 0,0018% N, 0.0C24% C, £,CD12% Fe,

Mezhod of Heating Resistance

0.0010% Ct, aac 0, JV‘C[OA

»- v —_
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TABLE A-30. CREEP-RUPTURE PROPERTIES FOR ARG-CAST STRESS-RELIEVED Ta-10W SHEET(®14)

Approx.
Thermal Loading Time to
Stress, Exp., Strain, Time, sec, to Produce Indicated Plastic Creep Rupture, Elong.,
1000 psi in, percent  0.05% 0.2% 0.5% 1% 2% 4% 6% 8% 10% sec per cent
At 2500 F
58 0.0138 0.35 -- -~ 0.9 1.5 2.6 3.0 4.0 -- -- 5.0 8.7
50 0.0138 -- -- -- -- -- - - -- -- .- 3.2 18.7
50 0.0138 -- -- -- -- -- -- -- -- - 2.0 8.0
45 0.0138  0.27 0.5 3.0 10 31 68 166 185 -- .- 187 12,7
45 0.0138 0.27 -- 0.2 1.2 3.0 5.0 10 11 -- -- 13 8.0
- 40 0.0138 0.3 0.1 1.2 3.0 8.5 18 36 39 -- - 43 10.0
35 0.0138 0.26 0.1 3.4 15 35 76 134 170 179 -- 183 12.0
At 3000 F
20 0.0162 -- -- -~ -- -- .- == -- -- -~ 14 33.3
18 0.0162 -- -- -- .- -- - -- -- -- -- 43 37. 4
18 0.0162 -- -- -- -- -- -~ - -- -- -- 49 36.7
16 0.0162 0.5 1.0 2.0 7.0 25 59 110 161 225 263 522 30,0
16 0.0162 0.67 -- 0.9 .3 2,0 5.0 14 51 81 122 235 36.0
14 0.0162 0,7 -- 0.2 1.1 1.9 4.0 19 52 86 107 167 22.6
12 0.0162 0.16 17 45 92 185 344 672 1095 1430 1786 1780+ 33.2
At 3500 F
10 0.0193 0. 54 -- 0.4 0.9 2.0 3.5 1.0 12 16 23 76 31.3
8 0.0193 0.07 13 33 51 83 143 242 275 345 393 462 24,0
8 0.0193 0.13 -- -- 1.0 5 30 110 185 220 260 405 27.3
6 0.0193 0.07 17 63 145 278 430 871 1145 1280 1395 1663 22,0
4 0.0193 0.03 52 187 140 905 1624 2410 - -- - 2490 6,0
At 4000 F
4 0.024 0.07 -- 0.2 1.1 2.0 3.0 6.0 10 13 18 41 30.7
6 0,024 0.13 -- 0.3 1.0 1.7 3.2 5.0 7.0 9.0 10 21 26.7
4 0.024 0.03 4,0 35 6 142 -~ -- -- -= -- 220 )]
2 0.024 -- 57 180 450 -- -- - -- -- 503 (b
(.f)_'l‘c;l Conditions:
Atnosphere Argon Analyses 0.00581% O, <0.0001% H, 0.0015% N, 0.0015% C,
Gage Length 1.8 in, 0.0012% Fe, 0.00109 Cr, and 0.7910% Ni
Sheet Thickness 00044 i, Method of Heating  Resistance

(by Specimen failed in radius.
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Metaliurgical Properties

a.

Fabricability: forging temperatures range from about 2200 F for breakdown to as
low as 1500 F after 50 per_cent reduction. It is important to main-
tain temperatures below 2300 F, to maintain a slightly reducing
atmosphere at all times, and to minimize furnace heating time.
Open hammer upsetting, piercing, and drawing, as well as closed
die forging, may all be satisfactorily accomplished. Breakdown
temperatures for annealed sheet bar range from 500 to 700 ¥, and
80 per cent reductions are possible between anneals. Finish
rolling is accomplished at room temperatures, and cold reductions
up to 90 per cent may be obtained between anneals. 7

Transition temperature:
Transition Temp, F(22)

Unnotched Notched
Wrought <-420 <-420
Recrystallized <-420 -360

Weldability: electron-beam welding or inert-gas fusion welding are uscd,
Stress-reclieved or, preferably, fully recrystallized starting mate-
rial should be used. The properties of properly welded Ta-10W
are essentially the same as those of the base metal. (7)

Stress-relief temperature: 1 to 3 hours at 2000 to 2250 r(4, 5, 23)

Recrystallization temperature: 1 hour at 2400 to 2730 r{4, 5, 7, 23)
Figures A-43 and A-44

Best Available Copy
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at 273C F, cold rolled to 0, 06C-inch~-thick sheet, 95

per cent reduction in area, ‘

100 \
~ } ]
a0 \ @ ‘
© | | | | |
it | | ‘
gv 80— P 3 ,
E I
70 T [L Tl| ‘ Y‘?‘J
ol Lt

800 2000 2420 280C
Temperacture, F A- 41239

FIGURE A-44, EFFECT OF 15-MINUTE ANNEALING TEMPERATURE
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(3)

(4)

(5)

(6)

(7)

(15)
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Identification

Designaucen:

Meiting point:

f Material

STa-880 {Stauffer)

Element

w
o}
N
c

H

Cb
Others
Ta

Forms availabie:

Physical Properties
5520 F (calcuiated)(!)

Density: 0,610 ib/in, 3 (calcuiated)(l)
AMechanival Proneriivs

Tensile Propertics at Room Temperature

Condition

Chemical composition: typical analyses of electron-beam-melted ingot(l)

Weight Per Cent
11.5-13.5

0.0020
0.0020
0.0020
£.C010
0. 0500
0.0200

Bal,

bar, forgings, plate, sheet, foil, wire,

Ultimate Tensile Strength
(0. 040-In, Sheet),

1000 psi

Longitudinal

Annea’ed

I hour at 29i0 r

tngot, ¢,CS 1ach per minute crosshead speed,




A-68

Tensile Yield Strength (C. 2%
Offset; {C.C40-In. Sheet),
103 psi

Melung Condition Liong:tudinal Transverse Referernce

Elcctron Anncailed 23,0 29. ¢ (1
beam

Arc 1 hour at 2910 F 95, 6(a) -- (2)

(a) Butnon ingot, 0,02 tnch per minute crosshead speed,

Elongation (0, 040-In. Sheet),

per cent

Meltirg Condition Longitudinal Transverse Reference
Electron Annealed 23 {2 in.) 23 {2in.} (1;

beam
Arclal | hour at 26:C F 13 {1 in.) -- (z)

{a) Bution {ngot.
b. Effect of Temperature on Tenaile Properties
Ulitimate Tensile
Temperaturc,  Strength (0.740-In.

Melting Conditicn I3 Sheet), 1000 psi Reference
Arc I hour at 2910 F 2190 50, 5(a) (2)
Arc I hour at 29.0 F 2700 33, 1(a) (2)
Are I heur at 2910 I° 3000 22, ol (2}
Arc 1 hour at 2910 F 3500 13, 0{a) (2}
Electron Annealed 4900 1.860 (1)

beam
Electrorn Annealed 5300 C.930 (1)

heam

(2) Butten 11got, 9, 05 inch per mnute crosshead speed.
Tensile Yielid
Strength {0.2%
Temperature, Offset)(0, 040=In,

Meiting Corditign F Sheet), 1000 psi Ruference
Arc | rour at 2910 F 2190 EEILY (2
Arc " hour at 2910 F 1700 23. 2t#) (2
Are I hour at 2910 F 3006 16, 742) (2)
Arc | hour at 2910 F 3306 10, 0(al (2)
Blestron Ansealed 4200 1.43C Pl

e
Elcciren Annealed 5300 0.8690 (i}

beam

(a) Button (ago!, C.Ci inch per minute croshead speed,




g

i v bl

A-69
Elongation (0. 040-In. T
A v
Temperature, Skeet)'?) in 1 lach,
Melting Cenditicn F per cent
Arcial I hour at 2510 F 2199 18
Arclal > hour at 2910 F 270 3¢
Al Chous al 2610 W 300U a5 ‘
Axcidl i hour at 2910 F 3500 52 :
(a) Butten inget. ol
c¢. Other Selected Mechanical Properties
Bend ductility: 0.040-inch sheet, annealed 1 hour at 2910 F(2)
Temperature, Minimum Bend Radius, |
75 0 ‘
-340 3
4. Metaliurgical Properties
a. Fabricability: breakdown temperatures should be above 2000 F. fter
at least 50 per cent reducticn and process annealing,
ing can be reduced to
as low as 700 F. 621 a=12,8W can be rolled to thin
slicel, spun 1nlo various sitapes, and ced and welded
into tubing, Annealed sheet can be spun without difficulty
at room temperature. V-
b, lransition temperatare; <=320 F for a 47 minimum bend radius(<) 1
c. Weidabiiity: sheet can readily be welded by either electron~bearn or inert- o

gas-fusion techniques, As-welded sheet has properties

essentialiy the same as those of the base material; (1,3) how-
kD)
3)

ever welding in tses e transition lemporature markediy. {

d. Stress-relief temperature: [ hour at 2000 to 237C Fle)
e. Recrystallization temperature: | hour at 2730 to 29.C Fié)

.. ) ‘29
Hardness'*’, VHN

:-Hour Annealing Temperature, F Rolled 459 Rciled 65%
Cast 2b{) 272
Wrought 245 366

A 317
287 2392 !
276 2568l
264{a) 251

2
(38) >75 per cent recrystaliized,
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Ta-30Cb-7. 5V

1. Identification of Material

Al
» b.
&
a,
b.
3.
[+
b.
-
»
=
C.

Chemical compositicn: Ta-{28-32)Ch-{3-8)V

Forms available: ingot-and-fabricated shapes- available from suppliers.on

a best efforts basis

2. Physical Properties

Melting point: 4405 F 2 90 F (for Ta-28.8Cb-7, 1V){1]

Density: 0,425 lb/in. 3 (calculated)

Mecharnical Properties

Tensile Properties at Room Temperaturce
Ultimate tensile strength: Tables A-3! and A-32
Tensile yield strength: Tables A-3] and A-32
Elongation: Tables A-31 and A-32
Modulus of clasticity: 21, 5035 ¢ 109

Effect of Temperature on Tensile Properties

Tensile yield sirength: Figure A-45
Elongation: Figure A-45

Other Sclected Meckhanical Properties
Bend ductility:

Test Sheet Tnickness, Temperature,
Divcction inch F

Minimum Bend

Radius,

T

Ta-32Cb-5. 1V (1 Hr 2300 F){2)

Longitudinal 0. 04C 75
Longitudina: C.C10 -329
Transverse 0.C40 75
Transvors: C. 010 -2.20
Tr-28.3CH-T. IV (1 ilr 2200 Fiid)
Lengitudinal C. 045 73
Longitudinal 0.045 -320
Transverse 0. 045 75
Transverse 0.045 -320

aQ

OO W

S oo o

n
X
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TABLE A-31.  ROOM-TEMPERATURE TENSILE DATA FOR ARG-CAST Ta-28. 8Ch-7. 1V SHEET (. 045 INCH)Y*)2)

Yield Strength Elongation in

Test Test Tensile Strength, (o, 200 Offsen), 1lnch,

Conditian Direction 100U psi Luo psi per cent
Stress relieved Longitndinal 15h4 139 aatH
(17 hour 1800 40y Longitudinal 106 14y 18
Transverse 154 142 13
Transverse 155 142 13
Recrystallived Longitudinal 120 104 26
(1 hour 2200 F) Longitudinal 120 107 28
Transverse 120 ©1ub 26
Transverse 121 106, 5 26

(a) Crosshead speed 0. 02 inch per minuic
0,007 0, and <0.0001% H.

up to yielding, and 0,05 inch per minute to fraciure, Awalises 06153, Q.POFAN,

TABLE A-32.  COMPARISON OF ROOM-TEMPERATURE TENSILE PROPERTIES OF RECRYSTALLIZED Ta-Cb-V
ALLOY SHEET(aXZ)

Yield Strength Eiongation in

Alloy Test Tensile Strength, (0. 2% Offset), 1 Inch,

Composition Direction 1000 psi 1000 psi per cent
Ta-32Ch -, 1) Longitudinal 98 B, 5 32
(1 hoos D300 F; Longitudinal 100 BO 25
v, 040 Inch) Longitudinal 105 B7 26
Transverse 100 71 28
Transverse 110 89 26
Transversce 104 85 18
Average 103 83 2
Ta-U8,8Ch-17. 1v () Longitudinal 120 104 29
(1 hour 2200 F; Longitudinal 120 106 28
0, 445 inch) Transverse 120 1Oh 26
Fransverse 181 107 26
Averagpe oo 105,56 27

sosshend speed L0007 dnch periminute

up to vielding, and 0,05 inch per ininute to fracture.

veer 0L 002550 €, 0,000 N, 0, 0012700, and 0, 00009 I,

() Amaiyses 0,000 C, G.00Fu N, 0,008 O, and <0, 600 1% 11.
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FIGURE A-45. EFFECT OF TEMPERATURE ON THE TENSILE PROPERTIES
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Impurity Weight Per Cent
C 0.013
N 0.005
0 0.0088

i <0.0001
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mMetallurgical Properties

a.

Fabricability: extrusion temperatures should be on the order of 3200 to
3600 F; forging can readily be accomplished at 2200 to 2400(2),
while rolling breakdown is conducted at about 1800 FM); final
rolling, after intermediate annealing, is performed at room

temperature(z’
Transition temperature: <-320 Fi2,4)
Weldnbility: inert-gas-fusion welds of sheet material prescnt no problem.
As-welded properties closc:l{ approximate those of the base

metal at room temperature. 2)

Stress-relief temperature: 1/2 hour 1800 F(2)
1 hour 2010 F(4)

Recrystallization temperature:

Prior Cold Work, 1-Hr Recrystallization Temperature(a), 1)
pcr cent reduction Ta-32Cb-5. 1vial Ta-28.8Ch-7, 1v{b!
25 2300 2300
50 2200 2300
75 2100 2200

(a) 0.00025% C, 0.005%N, 0.0042% O, and 0. 0002% I.
(b) 0.013% C, 0.0057W N, 0.0088% O, and <0.0001% I1.

Table A-33
Figure A-47



TABLE A-33. EFFECT OF TEMPERATURE AND COLD WORK ON THE RECRYSTALLIZED G1 AIN SIZE OF
Ta-28.8Cb-7. 1V SHEET(3X2)

U ey Cent Cold Warked 50 Per Cent Cold Worked 75 Per Cent Cold Worked
1-Hour Averaye L-tiour Average 1-Hour Average
Anncaling Grain Annealing Grain Anncaling Grain
Temperature, Hardness,  Diameter, Temperature, Hardness, Diameter, Temperature, Hardness, Diamerer,
¥ viN(b) mm F vinih) nm F VIHND) mmn
2240 261 pR{c) 2209 319 PR 2200 218 0. 085
oS TR 270 0,090 2400 267 0. 055 2400 211 0. 055
2600 REH 0,110 2600 289 0.000 2600 225 0.090
RIS A ) 0. 180 3000 287 0.150 3000 276 0.130
ahniy 295 >0,un2 3500 285 >0, 282 3600 ’ 229 >0,282

(3} Analyzes 0,018% C, 0, 095% N, 0. 00887, O, <0.0001% 11,
(h) 10-~kg load.
() PR = partially recrystallized.
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Ta-5W-2, 5Mo

Identification of Material

a.

b.

Chemical composition: Ta-5W-2. 5Mo

Forms available: ingot and fabricated shapes available from suppliers on a
best efforts basis

Physical Froperties

a.

Density: 0.595 1b/in. 3 (calculated)

Mechanical Properties

a.

b.

C.

d.

Tensile Properties at Room Temperature
Ultimate tensile strength: Table A-34
Tensile yield strength: Table A-34
Elongation: Table A-~34

Effect of Temperature on Tensile Properties

Ultimate tensile strength: Table A-35
Figure A-48

Tensile yield strength: Table A-35
Figure A-48

Elongation: Table A-35
Creep and Stress-Rupture Properties
Figure A-49
Other Selected Mechanical Properties

Bend ductility: reverse bend testing for anncaled 0. 040-inch sheet
materiall

Number of Successful Bending Operations Before Fraciurc,
Bend Axis, Relative to Final Rolling Direction

Transverse Parallel
Forward(a) Reverse(b) Forward(a) Reversel(b)
2-4 1-3 2-4 2-3

{a) Bent around 0 T radine (<N.0156 inch) through a 105~degree angle.
(h) Flattened to original condition by pressing in a visc.

Table A-36
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FABLL A d, ROOM-TEMPERA TURE TENSILE PROPERTIES OF ARC-CASTT Ta-W -, Hho SHEET (0, 040 NG
Rotliny .
Direction
Helarnve Final Yicld Strength
to Rolling No. of Rolling Tensile (0. 2% Offsct), Elongation in 1/2
Extrasion Roltling Temp, In-Process  Reduction, Strengrh, 1000 psi 1000 psi Inch, per cent
Direction Procedure F Anneals per cent Long, Transverse  Long. Transverse  Long. Transverse
n Straight =00 0 90 38,9 100.8 9.1 96,6 36 a1
Straight 1000 9 a 99,4 102,38 99.2 100.4 37 36
+ Cross 800 and o 90 100.0 102.7 91,9 H6.6 34 36
Tuop
Cross 800 and 0 90 96,17 96,5 ¥9.0 88,9 35 38
1000
Craosy H00 1 G5 0.6 105.3 90.4 98.17 37 38
Crosy 506 1 35 101.6 103. 8 88.0 04,4 36 34
Cross %00 3 35 103.9 105,17 94,5 96. 38 3 34

I

(4} Extruded at 2600 F and forged to sheet nar at 2200 to 2300 F.

yield, and 0025 inch per inch per minute to fracture.

Typical analyses of extruded har=(¥)

Weight

Per Cunt PPN

W Mo C o N H
4.0 2.5 1 168 35 2

TABLE A-35.  TENSILE PROPERTIES

OF ARC-CAST Ta-5W -2, 5Mo SHEET (0. 040 INCH) AT

Test rate 0,008 inch per inch per minute to V.6 per cev .

2700 Fl@)(1)

Final
Rolling Dircction No. of Rolling Tensile ZYield Strength Elongation in

Relative to Rolliny Rolling In-Process  Reduction, Strength, (U, 2% Offser), 1/2 Inch,
Extrusion Directon Procedure Temp, F Aunneals per cent 1000 psi 1000 psi per cent

1 Straight 1000 v 90 19.5 84

Cross 80U and 1000 0 90 20,7 82

Cross 800 and 1000 v 90 18.8 86

Cross B0 1 B 18,9 84

Cross 500 1 jE5] 20,0 %

Cross S i ) 19.9 20

(«4) Foaronded avUnod Foand forped to dheet bar ap 2l 1o 2800 FL

Taoival asalvaos of extrndod ban{ )
Wiy
Por e AN
W c 0 b Kl
b 4 it <

Test rate 0, 025 inch per inch per ininnte,

Best Available Cop:
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FIGURE A-19  HIGH-TEMPERATURE RUPTURE CHARACTERISTICS
OF ANNEALED (1 HOUR, 2550 F) Ta=5 W-2.5% Mo
SHEET (0. 040 INGH){)

Laboratorv-produced button ingot.
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TABLE A-30.  EFFECTS OF ROLLING HISTORY AND ANNEALING ON THE ROOM-TEMPERAT URE BEND DUCTILITY
OF ARC-GAST Ta-5W -2. 5Mo SHEET (0. 040 1vCHy()

Room-Temperature Minimum Bend Radius, T Value(3)

Rolling Stress-Relief Annealed Recrystallize Anncaled
Temperdiure, As-Wronght Condition 10 ar QOO0 F 10 at Y600 F
Prior thstory F Longitdinal  Transverse Longitudinal ~ Transverse  Longitudinal — Transverse

90 Per Cent Finish Reduction: Straight Rolled; No In-Process Anncals

Extruded 2600 F, 1 hr
3000 F; forged 2300 F,

1 lir 2800 F goo(d) 1-3 10-13 ) 0 0
Ditto 1000(b) 1-3 7-9 0 0 0
" gou(c) 3-4 8-13 0 0 0 U

90 Per Cemt Finish Reduction: Cross Rolled:;(4) No In-Process Anncals

Ditto §00U-1000 0-2 1-4 [{] 0 U 0
Extruded Youd Fy forged
QUDOF, 1 hr 2800F 800-1000 1-3 4-5 0 0 0 ]

65 Per Cent Finish Reduction: Cross Rolled;(4) Onc In-Process Anneal

Exiruded 2600 F; 1 hr
1000 F; forged 2300 °F,
1 hrU80GGF 800 0-3 2-3 0 0 0 ¢}

35 Per Cent Finish Reduction: Cross Rollcd;(d) Onc In-Process Anneal

Ditro 800 (-2 0-2 0 0 0

0
35 Per Cent Tinish Reduction: Cross Rolled;{4) Three In-Process Anneals
Dirto 200 2-4 0 0 0 U 0

(1) Values obtained from two to four tests for cach condition cited.

(h) Rolled perpendicular to the original extrusion dircction.

() Rolled parallel 1o the original extrusion direction.

(d) Fuual reductions in original tength and width dimensions hefore annealing,

&)
Ui al analvses of extruded hart

Woleht

Per Ceat PPM

3 Mo (o) Q N H
4 1 Teln 3 O

Best Available Cop
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Metallurgical Properties

Fabricability:

ingots can be successfully extruded at 2600 ¥ foilcwed by
forging at 2200 to 2300 F; after conditicning and process
annealing, rolling tc sheet is performed at 88C to 1C00 rls, 2,
after breakdown, final sheet roliing has been cenducted at
To0nn tCZ‘ﬂpCr{!ll‘i‘C(‘i}

Transition temperaure: <-320 F for annealed 0. 040-inch sheet matarial(:”

Weldability: annealed 0, 050-inch sheet material can readily be joined by
either inert-gas tungsten-arc or electron-beamn processes:
welds are room-temperature ductile(4)

Stress-relief temperature: | hour at 2000 r(1,3)

Recrystallization temperature: Tables A-37 and A-38

3

[T S
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PABLE A -87,  EFFECT OF ANNEALING TREATNENTS ON THE RECRYSTALLIZATION AND GRAIN S1LE
Ob EXTRUDED AND FORCED SHEET BARS(S)

ASTN Grain- Mean ASTM
Per Comt Reerystatlizatuon After Anneading Size Ranyge After  Grain Size Alwer
1-Hour at Indicated Temperature, F 1-Hour Annealing Annealing
As Recrystallization 1 Honr 1 Hour
Prior History Forged 24000 000 CT00 0 2EO0 3000 Temperature, F 2800 F JOU0OF  2RO0F 300U F
Extruded Suoe By
orped 2roud 0 © Th 100 100 100 2700 3-8 -7 6.3 O, 6
Extruded Cuou |
reerystallized 1 hour,
et Fy forped 200 b [\ 2 30 IE) 20 100 ~2900 BEN 2= b2 6.¢
Extruded Cuou B
teerystaliized 1 hour,
dou By foryed 2200 F G ] o 95 100 100 2800 3-a 2-1 G, 7 o, 8

Uvpical analyses of extruded bar:

Wenht
Per Cent PPM

W Mo ( 8] N H
oo ULh 4 ot 35 2

PABLE A8, RECRY STALLIZATION AND HARDNESS OF ARC-CAST Ta-5W 2. 5o SHEET (o, 000 NG

Approximate
Total 1-Hour Hardness, VIIN
Roliing Reduction, Reerystallization As Anncaled 1 Hour
et ravare, F per cent Tewmperawure, F Initial Wiought 2000 F 2600 F
U0 45 2600 24l 309 -- 240
S Th ' PRIV 241 381 -~ PESS
S Hh 2400 ul Khh - 240
e Jo 2400 PR $95 REH 24
oo g 240N RN BV BHIU RAR

Lo Ervreaded an ZE0 F and forped to sheed bar ar 2000 o D200 E
Pypical anaivses of extraded bar

Wenlin
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A-85 and A-86

References

Mavykuth, D. J.,Hallowell, J. B., and Ogden, H. R. , "Tantalum-Alloy-Processing
Development', Battelle Memorial Institute, Contract No. AF 33(657)-8911,
ASRCT TR 7-781 (IV) {June 1, 1963).

Maykuth, D, J., and Ogden, H. R., "Tantalum-Alloy-Processing Development",
Dattelle Memorial Institute, Contract No. AF 33(657)-8911, ASRCT TR 7-781 (11I)
{(March 1, 1963). '

Schmidt, F. F., ¢t al., "Investigation of Tantalum and Its Alloys", Battelle
Memorial Institute, ASD-TDR-62-594 (July, 1962).

Schuiidt, F, ., ct al. , "Investigation of Tantalum and Its Alloys', Battelle
Memorial Institute, ASD-TDR-62-594 (Part II) (May, 1963).



A-87

1. Identification of Material
a. Designation: T-111 (Westinghouse)
b. Chemical composition: the “ase composition has been made with varying
: interstitial contents; however, moderate and low

interstitial grades can be identified as follows:(1)

Weight Per Cent

Element Moderate __Low
% 7.0-9.0 7.0-9.0
Hr 2.0-2.8 2.0-2.8
O {(nominal) 0.010 0.003
N (ncminal) 0. 007 0.003
C {(nominal) 0.003 0.001
Ta Bal. Bal.

c¢. Forms available: plate, sheet, strip, foil, bar, wire, and tubing(l)
2. Physical Proécrties

a. Melting point: 5400 F (estimatcd)(l)

b. Density: 0.604 1b/in. 3(1)

c. Thermal expansion: Table A-39
Figure A-50

d. Flectrical resistivity: Figure A-51
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TABLE A-39. COEFFICIENT OF THERMAL EXPANSION OF T-111(1)

Temperature Coefficient of Thermal Expansion
F C 10-81n./In, /F 107Y 1n. ‘In, /C
RO-500 25-260 3.1 5.5
=100 LH=h10 a.0 L
Bu-1500 PRERRES 3.4 70
80-2000 25-1095 3.9 7.0
B80-2500 25-1365 4.0 7.2
30-2000 25-1550 4.2 7.5
80-3500 25-1925 4.2 7.9
F0-4000 25-2205 4.2 7.6
YU-4360 25-2400 4.3 7.8
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3. Mechanical Properties
a. Tensile Properties at Roct femperature
Ultimate tensile strenpgth: Table A-40
Tensile yicld strenzthy lavle A-:0
Elongation: Table A-40
Modulus of elasticity: 28-30 x 106 p51(3)

Effect of Temperature on Tensile Properties

o

Ultimate tensile strength: Tables A-4] ancd A-44
Tenegile yield strength: Tables A-ii and A-42
Elongaticon: Tables A-41 and A-42

¢, Creep and Stress-Rupture Properties

Table A-43

‘-v-
Lar b

”
v b

A nlmy e



TABLE A-4U.,  ROOM-TEMPERATURE TENSILE PROPERTIES OF ARC-MELTED T~111 SHEET

Tensile Yield Strength :
Strength, (0. 2% Offsety, Elongation,
Condition : 1000 psi 1000 psi per cent Refercnce
Stress-relicved sheet (3 hr 112.3(L) 96, 0(L) 21.8L) (3)
2250 F, 0,040 inchy(® 113.7(T) 160, 7(T) 17, %T) @
Stress-relieved sheet (1 he 1500 144.8 9.0 (@]
2000 F)XP
Stress-relieved sheet (i ar 135.0 130,90 15,0 )]
2000 F)(¢)
Recrystallized sheet (1 hr 90.4 90,4 29.0 (@)]
3000 FyP

(a) Test rate 0,005 inch per inch per minute to 0. 6 per cent offset, and 0,05 inch per inch
per minute to fracture, Analyses 7.8% W, 1.9% Hi, 0.0027% C, 0.0023% O, 0.0026% N,
0.003Fk Fe, 0,0008% Cr, 0.000%6 Ni, and 0, 0100% Mo,

{b) Low interstitial grade. Cold relled 90 per cent prior to final annealing. Test rate 0,005
inch per inch per minute through 0.2 per cent yield strength, and 0,095 inch per inch per
minute to fracture.

(¢) Moderate interstitial grade, Warm rolled 95 per cent prior to final anncaling. Test rate
0,04 to 0,06 inch per inch per minute,

TABLE A-41. EEFECT OF TEMPERATURE ON THE TENSILE
PROPERTIES OF ARC-CAST T-111 SHEET
(0. 040 INCE)(D(D)

Tensile Yield Strength
Temperature, Strength, (0, 2% Offsery, Elongation,
F 1000 pSi 1000 pSi pcl- cent
2400 40.0 33.1 41,7
3000 20.3 17.9 29
3500 11.2 11.2 31
(a) Stress-rejieved 3 hours ar TS DL oot rete G007 Zinehper LT

per minute. Analyses 7.8% W, 1,95 Hf, 0.0027% G,
U, 0023% O, 0,002¢% N, 0,003Fb Fe, 0.0008% Cr, 0.0005% Ni,
and 0.0100% Mo.

Best Available Copr
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TABLE A-42.,  EFFECT OF TEMPERATURE ON THE TENSILE PROPERTIES
OF ARC-CAST LOW AND MODERATE INTERSTITIAL-
GRADE T-111 SHEET

Tensile Yield Strength
Temperature, Strength, (0,2% Offset), Elongation in 1
F 1000 psi 1000 psi Inch, per cent

Low Interstitial Grade, Cold Rolied 9C Per Cent,
Stress Relieved 1 Hour at 2000 F3)

452 - 232.2 0.3(P
=320 194, 5 188. 56 12.6
-100 .- 157.1 -
15 1500 144.8 9,0
400 124,0 121.6 4.0
800. 114.8 111.6 3.6
2000 92.1 67.5 2,0
2200 67.1 52,2 20.0
2400 42.4 38.6 23.0
2400(°) 50,7 43.8 26.0
2700 25,4 21.0 76,0
3000 16.3 14,1 52,0
3500 1.3 10.9 43.0

Low Interstitial Grade, Cold Rolled 90 Per Cent,
Recrystallized 1 Hour at 3000 K2

-452 187,71 -- 7.5
~300 150, 6 145,2 27.0
~100 108.8 93.8 24.0
78 90.4 90.4 20.0
400 68,0 68,0 23.0
300 57.2 3.0 15,5
2000 61,1 34.9 14,0
2200 48.3 28.6 25,0
2400 37.3 2815 36,0
2700 30.9 24,4 30,0
3000 14,8 11,9 43,0
3500 13.0 12,6 34,0

Modcerate Interstitial Grade, Warm Rolled 95 Per Cent,
Stress Relieved | Hour at 2000 F(d)

-320 130.0 184.0 18,0
-100 150. 0 146.0 17,0

15 135.0 1300 15,0
2200 85,0 ' 78,0 15,0
2400 57,6 49,5 24,7
2500 54,0 38.0 26,0
2700 29.0 23,7 64,0
3000 20,5 a8 a0

Moderate Interstitial Grade, Warm Rolled 95 Per Cent,
Recrystailized 1 Hour at 3000 F()

3000 17.2 17.2 46,0

(3) Testratc at ~452 10 800 I 0. 005 inch per inch per minute through
9,2 per cent yield, and 0,5 inch per inch per minute to fracture;
above BO0F, 0,04 1o 0, 08 inch per inch per minute,

(b) Ductile fracture, 41 per cent reduction in area,

() Cold rolled 65 per cent.

(d) Testrate 0,04 100,06 inch per inch peraninute,



TABLE A-13., STRESS-RUPTURE PROPERTIES OF ARC-CAST T~111 SHEET AT 2400 F

Stress, Time to Elongation,
Gondition 1000 psi Rupture, hours per cent Reference
stress - relieved sheet (3 hre 2.0 0.5 -- (3)
P07, 0,090 ineit® 33,9 0.8 --
an, 0 7.3 --
25.7 5.0 --
23.0 5.0 --
20.0 19.8 --
Stress-relicved sheet (reduced 30,0 2.8 & (@)}
65 per cent, 1 hr 2000 ]’)(b) 25,0 4.3 S8
20.0 25.17 94
Recrystalled sheet (reduced 80 35.¢ 3.0 30 @)
per cent, 1 hr 3000 F)(b) 25.0 7.3 40

(*) Analyscs 7.8% W, 1,95% Hf, 0,0027% ¢, 0,0023% O, 0,0026% N, 0,003
0, 0005 Ni, and ¢.2100% Mo.
(M) Low interstitial grade.

!
5%

e, 0,000%% Cr,



Metallurgical Properties

Fabricability: ingor breakdown temnperatures should be above 2000 ¥, while
intermediate {abrication can be conduced at somewhat lower
temperatures. (41 Funal forming such as punching, blanking,
shearing, bonding, brake forming, drawing, and spinning cen be

performed at room temperature without edgs cracking., 9Y]
Transition temperature: <-452 F(l)

Weldability: inert-gas fusion welding has been used exclusively in welding
T-111., In addition to sheet butt welds, hali-tube to half-tube seam
welds have been made, T-111 has also been welded to columbium
alloys., Helium welding atmospheres have proved to be more
satisfactory than argon with regard to as-welded ductility. Weld-
duc‘.ili‘.e' at -20C I is esscntially the same as that for the basc
metal, (1)

Stress-relie! temperature 1 hour 2400 Fil)
3 hours 2250 F{3)

Recrystallization temperature: Table A-44

o Gyl
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TABLE A-44. RECRYSTALLIZATION BEHAVIOR OF ARG-CAST T~111 SHEET(D

Anncaling, 50% Cold Work 75 Cold Wotk 90% Cold Work
Temperature, Rccrystallization(a), Recrystalh’zationK a)_ Rccrystalliza:ion(a),

F Hardness 9% Hardness % Hardness %
As worked 353 0 370 0 378 [4]
2000 361 0 373 0 360 0
2200 340 0 350 0 335 0
2400 295 0 305 0 295 0
2600 287 0 282 0 245 50
2800 270 30 263 50 232 100
3000 e 100 270 100 259 100

(a) Mctallographic determination,



gy

(3

(4)

Tantaium Basc Allcy Refractory Metal', Westinghcuse Flectric Corp,,
g
{(Ma

Ammon, R, i,, and Begley, R, 1., "Rilot Production and Zvaluation of Tantalum
Alloy Sheet', Westinghouse Electric Corp,, Cuntract NOw=62-0656~d, Quarterly
Report No, 3 (February 16, 1963),

National Rescarch Corp., Data Sheet on Ta-10W and Ta-8W-2Hf Alloy Sheet
(May 2, 1963),

Unpublished data obtained under Contract AF 33(616)-7688, Battelie Memecrial
Institute (1962).

b}
3
1
H
E]

£zl

"
1ol




b,

>

A-97

Ta-10W-2. 5HE

Identification of Material
a. Designation: T-222 (Westinghouse)
L. Chemical composition: Ta-10W-2, 5Hf

e Forms available: ingot and fabricated shapes available from suppliers
on a best efforts basis

Physical Propertiecs

a. Density: 0. 604 1b/in. 3 (calculated)

Mechanical Properties

a. Tensile Properties at Room Temperature
Ultimate tensile strength: Table A-45
Tensile yield strength: Table A-45
Elongation: Table A-45
Reduction in area: Table A-45

b. Effect of Temperature on Tensile Properties
Ultimate tensile strength: Table A-46
Tensile yield strength: Table A-46
Elongation: Table A-46

Reduction in area: Table A-46



TABLE A-45, ROOM':I'EMPERATURE TENSILE PROPERTIES OF
RECRYSTALLIZED T-222 SHEET(2X1)

Tensile Y ield Strength Total Reduction

Strength, (0, 2% Offset), Elongation, in Area,

1000 psi 1000 psi per cent per cent
110.0 105.0 25 -
110.6 100.2 30 63

(a3) Data for same material, two different tests. Material reduced
90 per cen, recrystallized 1 hour at 3600 F. Test rate 0.005
inch per inch per minute. Analyses 9.5% W, 2.449% HF,
0.011%C, 0.0029% O, and 0.0034% N.

TABLE A-46. LOW- AND HIGH-TEMPERATURE TENSILE PROPERTIES OF T-222 SHEET(2X1)

Tensile Yield Strength Total Reduction
Temperature, Strength, (0. 2% Offser), Elongation, in Arca,
F 1000 psi 1000 psi per cent per cent

Reduced Y0 Per Cent, Stress Relieved
1 Honr at 2000 F

1800 1123 107.0 6 --
2000 100.0 89.2 10 -
2200 78.8 68.8 18 --

Reduced 90 Per Cent, Recrystallized
1 Hour at 3000 F

-320 184.6 175.0 28 51
5 110.0 105.0 25 --
K5 110.6 100.2 30 63

<00y 77.6 10.3 13 --

2200 67.3 38,41 17 --

2400 53.4 37.8 20 --

2600 36.8 29,3 31 --

2800 30.5 Q1.7 43 .-

3000 24.9 2 24 -~

3500 11,2 11,4 43 .-

(a) Tesrrate 0,005 inch per inch per minate for -320 and 75 F tests, and 0. 00 inch per inch
per minute for all other tests, Anaiyses 9.8% W, 2.449% HF, 0,011% C, 0.00629% 0O, and

G UOBAT N,



4.

Metallurgicul Properties

.

Fabricability: arc-cast ingots can be forged directly in a dynamic argon
atmosphere at 2200 F'; after conditioning and recrystallizing for
1 hour at 3000 F the forged slabs can be cold rolled 5 to 10 per
cent per pass to high-qguality sheet (0. 040 to 0. 050-inch sheet)(”

Transition temperature: <-320 F for sheet material reduced 90 per cent and
recrystallized 1| hour at 3000 F(l)

Stress-relief temperature: | hour at 2000 F for material reduced 90 per centll)

Recrystallization temperature: | hour at 3000 F for material reduced
30 per centll)
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Ta-10W-2, 5Mo

Identitfication of Material

a. Chemical composition: Ta-10W-2. 5Mo

b, Forms avatlable:

Physical Properties

ingot and fabricated shapes available from suppliers oun
a best cfforts basis

a. Density: 0.599 1b/in. 3 (calculated)

Mechanical Properties

a. Tensile Properties at Room Temperature

Ultimate tensi

le strength: Table A-47

Tensile yield strength: Table A-47

Elongation: T

able A-47

b. Effect of Temperature on Tensile Properties

Ulitimate tensi

le strenglh: Table A-48
Figure A-52

Tensile yield strength: Table A-48

Elongation: T

Figure A-52

able A-48

¢. Creep and Stress-Rupture Properties

Figure A-53

d. Other Selected Mechanical Properties

Bend ductility:

reverse bend testing for annealed 0. 040-inch
sheet material(l)

Number of successful bending operations before fracture: bend axis,
relative to final rolling direction

Forwardal

2-3

Transverse Parallel
Reverselb) Forward{a) Reverse(b)
1-2 2-4 -2
0T radius (0,015 inch) through a 10H-depree anyle,

() Bent around

(M) I'atwened to oripinal condition by pressing 1o a vise,

Table A-49
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TABLE A-47. ROCM-TEMPERATURE TENSLE PROPERTIES OF ARC-CAST Ta-1 W -2, 3Mc SHEZT (0, 050 INCHY3XD)

Rolling
Direct.an

Relative
v Lot Naooof
IXLILsICn Reling Temp, n-Process  Keduction,
Direction Procedure F Anneals per cent Long, Transverse Long,  Tramsverse Long,  Transvenss
L Straight 800 0 80 111, ¢ 113.1  108.8 10,8 34 33
L Straight 1000 ¢ 9C 110. G 12,3 102.8 104, 3 38 38
Cross 890 and 1 86 111,11 11,8 1R.6 1071 36 H
1000
Cross 860 and ¢ 95 1117 1148  104,7 10%.8 35 8
1009
Cross 800 1 65 111.8 i15.1  103.8 1101 38 36
Cross .3 : an 1201 g R T PO 28 31
Crass -] 2 25 173 116, 7 lues.2 PRUE 3 3z

(2) Extruded at 2800 F and forged o sheet bar at 2202 10 2300 F. Text :ate U, 505 inch per inch per minute to 0,6 per cer:
yieid, an¢ 8,25 1ach per inclh jer minate to fracture,

Typical analyses of extzuded bar:(2)
weight

Pe: Cent PPM
¥ M T o X H

9.6

ra
3
=1
a
w
v

TABLE A-48. TENSILE PROPERTIES OF ARC CAST Ta-1CW+2, 5Mo SHEET (0. 940 INCH) AT 2700 F(3X1)

Selln

Direction

Reiative Final
10 Rolliag No, of Rolling Teraile Yield suesngth Elongsten in
Extrusion Rolling Temp, In-Process Reduction, Surength, (0. 2% Offse), 1/2 Inch,
Direction Procedure F Anreals per cent 1300 ps 1620 pst ser cent
L Stratyin RO : 3 26,7 24,6 Tu
L Straight 1080 C 30 25.6 23,4 88
Cross 80) and 0 9C 28,2 25,2 7€
1000
Crosy 8%2 anc ¢ 9u 27.2 24,4 76
T
Cross gLl 1 83 20.2 25,6 g8
Cress 830 1 35 31,6 28.8 68
Cross &20 3 35 29.8 26.¢ 56
(57 Extriced 105 0F and fatged 10 sheci bar ot JET o S3TOF. Tost rate &0 0Z0 aadh per incii per s,

Tysical analyses of evtrided han(2)

o
[©
|z

=
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FIGURE A-52,

A-103

40 T T :
i | I
| | I’
| I |
X! i
30 N - —
: N
()

' N\ _
£ |
£ |
v \

10—
X=X Tensle strengtn |
C~0O Vield strength (0.2 % offset);
i I |
o}
2400 2800 3200 3800

Temperciure, F
EFFECT OF TEMPERATURE ON THE STRENGTH OF
ANNEALED {1 HOUR, 3090 F} Ta-10 W-2.5 Mo SHEET
(0.04¢ INCH)3)

Laboratory-produced bution ingot.

S0 - N T T°° 7 - -
30 4 L |
T e— |
L @ = t 2700 F
§ 0 | | y
Tosb—— - 3500 *© + —
i — L
7 o+ i o— | J
| |
|
' |
2 L - b |
! |
' l
: L ; L L . 1 1 |
0! 10 ] o]

FIGURE A-33,

a. 48821
Rupture Time, hours

HIGH-TEMPERATURE RUPTURE CHARACTERISTICS OF
ANNEALED (1 HOUR, 3090 F) Ta-10 W-2.5 Mo SHEET
(0.040 INCH)(¥)

Laboratory~produced button ingot.

|

e
REERCINTIY.

e
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A-104

i ne

o

i, E T3 OF ROLLING HISTCRY AND ANNEALING ON TR PCONM-TEM

; ARC-CAST Ta-10W -2, 8Mo SHEET (0, 040 INCH}2)

STURE BEND DUCTIUITY OF

Room -Temperaturs Minimum Bend Radius, T Valye®)

Stress-Relisf Recrystallize
Rolling As-Wrought Annealed Annealed
Temp, Cendition 1 Hrat2000F 1Hrat 2600F
Prior History F Long. Triansvene Loig, Transverse  loag,  Tramvenc

90 Per Cernt Finlsh Reduction: Straignt Re.ed; No In-Process Anneal

Extivded S600 F, 1 hr 3003 F; forged 2300 F, 80200 3y -9 5.1 G-t u v
1% 2BOCF

Ditto 10060) 2.2 57 ¢ ¢ 0 0

. go(8) yaz a7 0-1 o1 -1 3-1

99 Per Gen: Finish Reduction: Gross Rolieds{9) No 1n-Process Anaeals

- Extiuded 2600 F, 1 hr 3CCC Fy forged 2300 F,  8C2-1000 1-4 3-5 ¢ o ° o
‘ 1 hr CBOJF
Extruded 2600 F; forged 220C F, §30-10C7  2-3 2-3 C-1 0-1 J 9
Chr 280l E
h Per oot Diais! 1 o8
Extroded 2530 F, 1 hr 3CC0 F; forged 2800 F, 830 1-5 -3 c g c <
38 Per Cent Finish Reducizon: Crosy valcd;(‘“J One li=Process Aaneal
Extruded 2600 F, | hr 3000 F; forged 2300 F, 8CC i-4 1-3 ¢ 0 0 0

1 hr 2B0CF

i o3
35 Pe: Cent Flnish Reduction: Cross Relieds(%) Three in-Process Annesls '

Srtrided A CTIVE 2" Ge7 -7 & '

1hr 28 ‘
(a) Vaiues obtained from 2 1o 4 tests ‘or each conditlen clred,
(t) Ro.lec perpendicular 1o *he
{c) Ralicd paraliel to the orig
(v} Eoos I

PPM

+ e
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A-105
Metaliurgical Properties
A, ¥anrizability: ingote can be successiully extruded at &000 ¥ lullcwed by
{orging at 2200 to 2300 r': after conditioning and process
- N ! el
annealing, rolling tc sheet is performed at 860 to 1000 = (1,2)

5. Trans:;uen tvmperaturer ~-.50 F for annealed G. 020~-inch shee: materail’

c, Weldability! annealed 0.050-inch sheet matarial can readily be joined by
either inert-gas tungsten-arc or electron-beam processes;
welds are room-temperature b;ittle“)

d, Stress-relief temperature: 1 hour at 2000 (1} I kour at 2370 F(3)

e. Recrystallizaticn temperature: Tables A=50 and A-51

i)

e

It
| W

T

e
i

EETTYT



R

~AOS e ——
TABLE a&-57. EFFECT OF ANNEALING TREATMENTS ON THE RECRYSTALLIZATICN AND GRAIN SiZE
OF EXTRUDED AND FORGED SHEET Bars{<)
Per Cem Keerysiaidzation After Anncally i-licui Ly & Alnciiay i
1 How at Indicated Temp, F Recrystal=-  Hourat tudicated Hour at Indicated
As lization Temp, F Temp, F
Prior History Forged 2400 2800 2700 2800 3000 Temp, F 2800 3000 2800 3000
Extrucec 2600 F, 0 ¢ 10 98 150 100 2800 3-9 3-8 7.0 8,8
forged 22CCF
Extruded 26CC F, 0 0 10 ne 95 100 ~2900 3-8 3-1 Tl 8.8
recrystallized
T howr 3000F,
forged 2300 F
Extruded 2680 F, 0 g 20 72 95 100 ~ 2900 43 21 1.6 5.7

recrystaliized
2 hour 3000F,
forged 2200 F

Typical analyses of extruded bar;

Weight
Per Cent PPM
M Mo ¢ o X
TABLE A-Bl. RECRYSTALLIZATION AND HARDNESS OF ARC-CAST Ta-10W-2, 5Mo SHRET
(0. 040 INCH)(#X?)
Apprasinate
Rollizg Tctal 1-Hour Hardness, V4N
Temperazure, Recuction, Recrystailization As Annealed 1 Hour
F oer cent Temperature, F (nitial Wraught 2000 F 26C5 F
gnn 43 200 267 74 iR 267
- - St i w2 -- 0
853 85 2600 267 401 -- 284
538 93 232C 287 428 374 273
1207 a oo 267 A L T

(38) Extruged at 260CF anc forgac to theet ba:

Iyricnd ! { odoh
ot
Per Ce.it PPN
W Mo C o N H
3.6 2.5 " 07 37 N

a1 2200 16 23CT F.
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